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PREFACE 


This progress report covers the investigative period from November 1, 1976, to January 31, 
1977, It represents the seventh report since the investigation was formally initiated on 
April 29, 1975. The first two reports emphasized organization, experimental design and 
rationale, and field operations. The third, fourth, fifth and sixth summarized analytical 
processing and analysis, planning, field operations, and analysis of the extension of the 
LANDSAT Menhaden and Thread Herring Resource Investigation. This report was prepared 
to give readers a concise overview of the investigation prior to reviewing accomplishments 
since the last progress report. In addition, it summarizes the status of all data collected 
in support of the study in the event that someone would like copies for their own use. 
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LANDSAT MENHADEN AND THREAD HERRING 
RESOURCES INVESTIGATION 


1. INTRODUCTION 

1. 1 REPORTING. This progress report Is the seventh In a series under NASA Agreement 
Number S-54114, ID #20770, sponsored by the NASA Goddard Space Flight Center. 

It Is a type II report covering the Investigative period from November 1, 1976, to 
January 31, 1977. 

1. 2 OVERVIEW. This investigation is being conducted in two test sites off the coasts 

tf Mississippi and Louisiana. The primary target species is the Gulf menhaden 
(Brevoortia patronus) ; the secondary target species is the thread herrhig (Opisth - 
onema oglinum) . Both species form large schools with numbers frequently ex- 
ceedin one hundred thousand per school. The schools are considered near- 
surf ac; pelagics which suggests an immediate application of remote sensing 
techniques. Both species are harvested for conversion into high protein fish meal 
and oils. Approximately 600, 000 tons of menhaden are taken from the Gulf annually 
representing almost 26 percent of the entire domestic harvest of all fish. While 
the standing stock of thread herring in the Gulf is believed to exceed that of the 
menhaden, the catch averages less than 1 percent of the average menhaden landings. 
The thread herring is truly a latent resource and one which is beginning to receive 
increased attention from several fishing companies. 

The investigation was formally initiated on April 29, 1975. IMofficlally, however, 
the investigation began back as early as November 1974 when a series of meetings 
began with representatives of the National Fish Meal and Oil Association. These 
meetings were designed to formulate a plan with the industry for the investigation 
and in particular to acquire their interest and support. 

The investigation was designed to extend over an 18-month period with the first 6 
months dedicated primarily to planning and data acquisition (field (derations), and 
the remaining 12 months used for data analysis and report preparation. In July 
1976, the LANDSAT Menhaden and Thread Herring Resource Investigation was ex- 
tended an additional 6 months to pursue two objectives related to the definition and 
development of satellite remote sensing system for fishery harvest and manage- 
ment. The extension was based on preliminary findings which indicated that water 
color measured by LANDSAT multispectral scanner (MSS) could be used to predict 
menhaden distribution in the northern Gulf of Mexico. 

This seventh in a series of type n progress reports emphasizes the analytical efforts 
of the parent investigation and analysis for the LANDSAT Extension. 

1. 3 OBJECTIVES. The primary objective is to verify the relationship of certain coastal 
environmental parameters which are observable from aerospace platforms to the 
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distribution and abundance of Gulf menhaden, a commercially important fish in the 
northern Gulf of Mexico. A secondary objective is to establish relationships of 
remotely sensed environmental parameters to a fish with potential commercial 
Importance, thread herring. 

Sub-objectives of the multi-phased Investigation are; 

• Confirm utilization of aerospace data as inputs for a distribution prediction 
model for adult menhaden in the Mississippi Sound. 

• Test utilization of aerospace data as inputs for a distribution prediction model 
for adult menhaden over the entire season of menhaden availability in the 
Mississippi Sound. 

• Test utilization of aerospace data as inputs for a distribution prediction model 

for adult menhaden throughout the commercial fishery range in the northern 
Gulf of Mexico. 

• Test utilization of aerospace data as inputs for a distribution prediction model 
for adult thread herring off the coast of Louisiana. 

• Continue development of techniques for the application of remote sensing data 
to living marine resource assessment and utilization. 

Objectives of the contract extension are: 

• Simulate the use of an operational satellite system to provide tactical infor- 
mation for the commercial harvest of menhaden. 

• Define the persistence of LANDSAT-predicted high probability fishing areas 
over a 24-hour period. 

2. INVESTIGATION PARTICIPANTS 

2.1 PRINCIPAL AND CO-INVESTIGATIVE PARTICIPANTS. This experiment is a 
cooperative venture whose principal participants originate from various Federal 
agencies and commercial fishing companies. They are as follows: 

National Oceanic and Atmospheric Administration (NOAA) 

National Marine Fisheries Service (NMFS) 

Southeast Fisheries Center 

Fisheries Engineering Laboratory 
Pascagoula Laboratory 

National Aeronautics and Space Administration (NASA) 

Earth Resources Laboratory (JSC/ERL) 

National Fish Meal and Oil Association (NFMOA) 
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2. 2 ASSOCIATED GROUPS AND AGENCIES. Various groups and agencies who have 
and are providing assistance in one form or another to the Principal and Co- 
Investigative elements within the e;q)eriment are as follows: 

National Oceanic and Atmospheric Administration (NOAA) 

National Marine Fisheries Service (NMFS) 

Southeast Fisheries Center 
Miami Laboratory 

Atlantic Estuarine Fisheries Center 
National Environmental Satellite Service (NESS) 

National Weather Service (NWS) 

Atlantic Oceaiiographic and Meteorological Laboratory (AOML) 

National Aeronautics and Space Administration (NASA) 

Johnson Space Center (JSC) 

Goddard Space Flight Center (GSFC) 

National Space Technology Laboratories (NSTL) 

lepartment of the Interior 

United States Geological Survey (USGS) 

Earth Resources Observation Systems (EROS) 

Outer Continental Shelf Operations (OCSO) 

United States Coast Guard (USCG) 

Mississippi State University 

Nicholls State University 

Four Oil Companies 

3. SUMMARY OF EARLIER REPORTS 

As the first six progress reports emphasized organization, responsibilities, ex- 
perimental rationale, methodology, field operations, and initial analytical efforts, 
these subjects will only be reviewed in this one. The reader is encouraged to refer 
to these reports if this summary does not provide enough detail for his particular 
purpose. 

3. 1 ORGANIZATION AND RESPONSIBILITIES. The organization consists of a principal 
investigator who provides overall guidance to the investigation, and the three princi- 
pal participants (ERL, NFMOA, and SEFC). Responsibilities of ERL include ac- 
quisition of aerospace remotely sensed data and conversion of these data into meas- 
urements of selected oceanographic parameters. The NFMOA is responsible for the 
acquisition of fishing data (spotter pilots and vessel captain reports) and review and 
evaluation of all aspects of the Investigation. The SEFC responsibilities inclucte pro- 
gram management and coordination, acquisition of fisheries data, and the develop- 
ment of models for predicting fish distrUiution from remote measurements of 
selected oceanographic parameters. 
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3.2 EXPERIMENTAL RATIONALE AND DESIGN. The rationale is baaed on the assump- 
tion that fish distribution is governed by certain measurable oceanographic para- 
meters. The investigation was designed to identify these parameters and then to 
determine if they could be remotely measured with sufficient accuracy to predict fish 
distribution. ' 'he parameters considered were limited to those that co’ild be or had the 
potential of being remotely measured. 

3.3 FIELD OPERATIONS. Field operations in 1975 were organized and conducted to 
satisfy data requirements of the basic units of the experimental design. These 
operations functioned to provide aerospace remotely sensed data (LANDSAT and 
aircraft), oceanographic data (research vessels), fish distribution and abundance 
data (photographic and spotter pilot aircraft), and utilization data (fishing vessels). 

The primary parameters considered and the platforms from which measurements 
were made are presented in Figure 3. 1. 

Two classes of missions were conducted to satisfy the experimental design; main 
and supplementary. The main missions included all of the platforms shown in 
Figure 3. 1 while the supplementary missions involved only fishing and LANDSAT 
data. The latter missions were designed to provide data for testing and expanding 
upon the oceanographic and fishery models developed from data acquired during the 
main missions. 

The two study areas used in the Investigation between the superimposed locations of 
LANDSAT tracks, NP3A, ERL Twin Beech, and NMFS charter aircraft flight lines, 
oceanographic sampling stations, and oil platforms are shown in Figures 3. 2 and 
3.3. Both study areas support an active menhaden fishery. Thread herring are 
primarily found in the offshore portions of the Louisiana study area although infre- 
quently they are caught in the Mississippi Sound. 

Figures 3. 4 and 3. 5 summarize the main and supplementary missiwis conducted in 
support of the investigation. The first tw'o main missions in the Louisiana Test Site 
(Figure 3. 4) operated as planned with all platforms acquiring data. The third 
scheduled mission, however, was aborted due to a reported LANDSAT-1 malfunction. 

It was rescheduled to coincide with a LANDSAT-2 orbit. Th'j first two Mississippi 
Sound main missions also operated as planned while the third main mission had to be 
rescheduled due to Inclement weather and imavallability of the NP3A aircraft (Figure 
3. 5). Unfortunately, even though the main and supplementary missions went smoothly 
from an operational stanc^oint, all LANDSAT MSS data from 1975 are of marginal 
quality due to excessive cloud cover. 

The extension of the LANDSAT Menhaden and Thread Herring Resources Investigation 
(LANDSAT Proposal No. 20770) required field operations in July 1976. The test 
area for me extension included the Louisiana study area (south of Atchafalaya Bay' 
used in the parent investigation but extended westward to encompass three adjacent 
LANDSAT ground tracks (Figure 3. 6). LANDSAT overflights occurred on three 
consecutive days. 
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Figure 3.1. Main Day Mission Data Acquisition Platforms and Parameters 































LAND5AT GuH of Mexico Menhaden A Thread Herring Experiment - Louisiana 



Figure 3. 2. Louisiana Study Area Showing the LANDSAT Track, Aircraft Hight Lines 
Ocoanogra^-'u^ Stations, and Oil Platform Locations 











SUMMARY OF LOUISIANA LANDSAT MISSIONS Q97S) 

SUPPLE- ABORTED SUPPLE- RESCUED- SUPPLE- SUPPLE- 
MISSION MAIN MAIN MENTARYMAiN^ MENTARY ULED MAIN ME NTARY MENTAR 

DATE APR 25 MAY 13 JUN 18 JUL24 AUG 11 AUG 20 AUG 29 SEP 16 



8 























SUMMARY OF MISSISSIPPI SOUND LANDSAT MISSIONS 0975) 


X 


h 

} 


f 


LU oc 
< 

Q. 

UJ 

lO 

X 

X 





X 


m 

0. 

LU 

to 

X 

>v 

X 

X 


X 

X 

SUPPLE- 

MENTARY 

AUG 18 

X 

X 





X 

o 

Qt: z 

o 

QD 3 

< z 

JUL31 

X 

X 

X 




X 

SUPPLE- 

MENTARY 

JUN25 

X 

X 





X 

z 

S 

>- 

X 

X 

X 

X 

X 

X 

X 

MAIN 

MAY 2 

X 

X 

X 

X 

X 

X 

X 

MISSION 

DATE 


SPOHER 

AIRCRAFT 

FISHING 

VESSa 

OBSERVERS 

X 

u!) to 
LO to 
LU LU 

DC > 

ERL 

AIRCRAFT 

NP3A 

AIRCRAFT 

LANDSAT II 

PLATFORM 

FISHING 

VESSELS 


< 

O. 

Z 


1 

•am 


ra 

V- 

o> 

£ 

15 

o> 


o> 

E 

Q) 


o> 


r 

c 

o 


T3 

C 

re 


o> 

£ 

15 

O) 

S 

c 

Q> 

E 

_o> 

u 

c 


0> 

3 


i/t 

t/> 

E 

o> 

_0> 

o. 

E 

o 

o 

o 


p 

re re 

fc- u 

fcJc 

<5 


CM 


9 


Figure 3. 5. Summary of Mississippi Sound Missions (1975) 






Figure 3. 7 presents a summary of the planned Louisiana LANDSAT Mission (1976). 

The survey is presented by platform and day. Fishing vessels without observers 
were to acquire set information (time, location, species, and number) on 5 days of 
the field operations. The fishing vessels with scientific observers aboard were 
scheduled to acquire fishing and oceanographic data everyday (fishing generally does 
not occur on Saturday and Sunday). These latter vessels also were equipped with 
LORAN-C navigation system for improved location information. Spotter aircraft 
were scheduled to collect fish location, identification, and abundance information 
on three days of each fishing week. One aircraft was equipped with a LORAN-C 
unit. Two oceanographic vessels were used to collect sea truth information on the 
19th or 20th of July. 

A summary of data actually acquired during the tw’o-week operation period is given 
in Figure 3. 8. While not all of the platforms provided data as planned for a variety 
of reasons, enough redundancy had been constructed in the plan to ensure a success- 
ful operation. Sufficient cloud-free areas of satellite Information are available for 
analysis. 

While the U-2 ocean scanner flight was not a contractual part of the extension, it 
is reported on here for completeness. Both flight lines were flown during the morn- 
ing of July 20, 1976. The pilot reported 60 percent cloud cover over the eastern 
portion of the flight lines and about 20 percent over the western end. Color scanner 
data have been sent to Goddard for processing and delivery' was received in September 
1976. These data will be used to optimize spectral regions and bandwidths for fish- 
ery applications. 

3.4 DATA PROCESSING AND ANALYSIS. Emphasis for data processing has been given 
to reviewing available data for quality determinations and preparing it for insertion 
into a single LANDSAT data management system. The single system was developed 
to insure a complete data file for analytical purposes by current as well as future 
investigators. 

Analytical emphasis initially was given to the sea truth data collected from fishing 
and research vessels. The objectives of these analyses were to identify those para- 
meters and analytical techniques which offered the greatest potential for satisfying 
the objectives of the investigation. The analytical rationale was to compare oceano- 
graphic measurements at sites of menhaden capture with those taken from the re- 
search vessels over time and between test sites. This was done to determine if 
menhaden appeared to prefer a relatively constant range of environmental conditions. 
The assumption was that those parameters remaining relatively constant in magnitude, 
but demonstrating differences from those measured from the research vessels could 
be used to predict fish distribution. 

The parameters which appeared to have significant direct effects on menhaden distri- 
bution are water turbidity (secchi disc) and color (Forel-Ule). Surface water tem- 
perature and salinity appeared to have little direct effect. Chlorophyll-^ also did not 
appear to be a very good indicator of menhaden distribution. 
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SUMMARY OF PLANNED LOUISIANA LANDSAT MBSION (1976) 
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SUMMARY OF ACQUIRED DATA FOR LOUISIANA LANDSAT MISSION (1976) 
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Figure 3.8. Summary of Acquired Data for Louisiana Test Site Missions (1976) 
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Remotely sensed salinity data from April 25, May 13, May 20, August 20 and 
September 5, 1975, were processed to listings of sea surface salinity at half mUe 
intervals along flight lines. A comparison of remote measurements with surface 
truth measurements for the above missions has been completed. Remotely sensed 
salinity from May 2, 1975, will not be processed due to imresolvable data problems. 
Remotely sensed temperature data from all six missions were processed to list- 
ings of sea surface temperature. 

Correlation and multiple regression analyses were applied to surface truth data 
collected by scientific observers aboard the commercial fishing vessels. The sur- 
face truth data for temperature, secchi disc transparency, Forel-Ule color, sali- 
nity, and chlorophyll-^ were extracted for each day of the six main and the two 
aborted main mission periods (July 24 [Louisiana] and July 31 [Mississippi]). 
Correlation coefficients for each of the parameters by date were completed using 
the presence or absence of fish (i.e. , 0 = no fish and 1 » fish) as the dependent 
variable. Analysis of the correlation coefficients of each parameter from data 
set to data set showed an inconsistency in both magnitude and range. Step-wise 
multiple regression models developed using these data sets were not accurate in 
predicting no fish areas using test data. The order of selection of the parameters 
(secchi disc, salinity, temperatures, chlorophyll-a and Forel-Ule color) was not 
consistent with respect to previous analyses. From the data analyzed, it is evi- 
dent that collection of true no-fish data samples cannot be done from commercial 
menhaden fishing vessels under normal fishing conditions. This Information was 
utilized during the Jvily 1976 field operation, during which all no-fish oceanogra- 
phic sampling was eliminated. 

The computer generated composite point plots for all main missions (three in 
Mississippi Sound and three off Louisiana) for surface water temperature Forel- 
Ule color, secchi disc transparency, salinity, chlorophyll-a and remotely sensed 
temperature and salinity with the exception of remotely sensed salinity for May 2, 
1975. Surface truth remotely sensed data and fisheries data sets were developed 
for the four missions; April 25, May 2, May 13, and May 20, 1975; from contour 
maps. Correlation and multiple regression analysis were applied to the data from 
three of the four missions. Water color as Inferred from Forel-Ule color measure- 
ments generally correlated well with menhaden distribution. Regression model 
correlation coefficients averaged about 0.55 for the three missions indicating fairly 
low levels of statistical precision. The models were about 75 percent accurate in 
predicting menhaden distribution. 

Four distinct methods were applied to LANDSAT MSS data for classification of the 
study areas into high and low probability fishing areas. These methods Include 
parallelepiped, multiple regression, maximum likelihood and discriminate function 
classifications. In addition, LANDSAT MSS and surface truth data were combined 
into a single predictive algorithm. 

The parallelepiped classifier worked well on the May 20 and June 25 (Mississippi 
Sound) MSS data, but performed poorly for the July 24 (Ltwlslana) MSS data set. 
Multiple regression models were developed from MSS spectral data for May 20, 
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June 25, and July 24. The precision of the resultant models was reasonably good 
with correlation coefficients ranging from 0,736 to 0. 894. All were significant at 
confidence levels exceeding 99 percent. Results from classification of training 
samples indicate accuracies of approximately 90 percent. Discriminant function 
models were developed from MSS spectral data from June 25 and July 24. Training 
sample classification accuracy was approximately 90 percent. Data from July 24 
were processed with the maximum likelihood classifier (ELL TAB) and results 
compared favorably to those of the discriminant function classifier. A simple like- 
lihood classifier was used to classify the July 24 data with almost identical results 
to those provided by ELL TAB. This classifier was also used for processing 
July 19, 1976, data for the rapid turnaround experiment. Again, the results were 
similar to the classification achieved with the discriminant function technique. 

Correlation and multiple regression analyses were performed using a combination 
of LANDSAT and surface truth data from May 20. MSS data correlated more pre- 
cisely with menhaden distribution than the classical oceanographic parameters such 
as temperature, Forel-Ule color, salinity, and secchi disc transparency. A multi- 
ple regression model was developed from the two data sets. A slight improvement 
in model precision was noted over an earlier model developed solely from MSS data, 
but not enough to warrant the additional parameters. 

An effort was made to simulate SMS-GOES broad band visible spectrum data from 
LANDSAT MSS data to be used to develop menhaden distribution prediction models. 

The rationale behind the GOES simulation was to determine if this system might be 
considered as an operational tool for providing tactical fishing information. GOES 
provides repeat coverage every 30 minutes compared to the 18-day LANDSAT cover- 
age cycle. Preprocessed LANDSAT data for each spectral band and the sum of 
bands 4 and 5 radiance values were compared to with and without menhaden sample 
areas through correlation analysis. The sum of the two bands was used to approx- 
imate the spectral response of the GOES system for comparison with LANDSAT. 

It should be understood, however, that the summation does not truly simulate GOES 
data; it only provides a rough approximation. This is due to a number cf factors 
Including (1) LANDSAT bands 4 and 5 do not cover the exact spectral range of GOES, 

(2) spectral response curves were not used to adjust the radiance valiies before 
summing, and (3) spatial resolution of the LANDSAT was degraded only to about 1/3 
of that provided by GOES. Multiple regression models were developed from MSS 
spectral data for three missions (May 20, June 25, and July 24, 1975) using all four 
bands and the sum of bands 4 and 5. The regression models were used to classify 
LANDSAT data into low and high probability fishing areas for each of the respective 
missions. The regression models using the sum of bands 4 and 5 compared favor- 
ably with the four band models. The models were about 85 percent accurate in 
classifying the study areas into high and low probability menhaden areas. Accuracy 
was computed from the sample areas used to develop the models. 

The extension of the LANDSAT Menhaden and Thread Herring Resources Investi- 
gation (LANDSAT Proposal No. 20770) pursued two objectives related to the defini- 
tion and development of a satellite remote sensing system for fishery harvest and 
management. The extension was based on preliminary findings from the parent 
investigation which indicate that water color measured with the LANDSAT multispectral 
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scanner (MSS) could be used to predict menhaden distribution in the northern Gulf of 
Mexico. 

Current satellite systems capable of providing the multispectral data are not designed 
for real-time applications, and it is difficult to assess the significance of the resource 
distribution prediction without near real-time dissemination of the distribution data 
to the field. Consequently, special arrangements were made with GSFC to pre- 
process LANDSAT multispectral data immediately upon receipt from the satellite 
and supply it to the ERL and NFEL for near real-time analysis. Calibration data were 
provided on the same basis from industry spotter pilots working in the study area and 
scientific observers placed on commercial menhaden vessels by NFEL. 

The day prior to the principal satellite pass (July 19, 1976), scientific observers 
boarded eight menhaden vessels at ports across western and central Louisiana. The 
satellite passed over west-central Louisiana, covering the area from Sabine to Marsh 
Island. Two menhaden spotters were made available to the investigation the day be- 
fore the main pass to determine the prime areas for the study and to provide precise 
fish school locations in the zone of overlap between that day’s LANDSAT pass and the 
pass of the principal day. An abundance of fish were present in the study area. The 
satellite passed over the area at 10:25:50 CDT. 

Representatives from NFEL and NFMOA were at GSFC on July 19, 1976, to review 
the satellite data shortly after reception. Information pertaining to fish school lo- 
cations was telephoned to them at about 1100 hours (CDT) so that they could evaluate 
the significance of clouds in the coverage area. The LANDSAT data were received at 
GSFC at 1027 CDT. The early fishing reports placed most of the school locations in 
the easternmost portion of the image which was heavily cloud covered. A decision to 
go was reached at about 1330 CDT. Two complete sets of CCT's were delivered to the 
NFEL representative at 1500 CDT. The tapes were then hand-carried via commercial 
airliner to Slidell. Arrival was at 20^tJ CDT. By the time of the arrival of the tapes, 
locations of fish schools set on by the fleet or identified by the spotter pilots had been 
plotted on navigation charts. Locations were made using LORAN-C or VHF omni- 
directional VOR navigation. 

Computer classifications were complete by 0715 CDT July 20. At this time they were 
viewed and high probability fishing areas were marked on navigation charts. These 
results were transmitted to the commercial fleet. The commercial fleet reported 
that fish were concentrated in the high probability areas indicated by the analysis of 
the satellite data, and that they were having one of the best days of the season to date. 

A quantitative verification of this opinion was attempted by plotting the location of 
menhaden capture and observation on the prediction chart. If the school location areas 
which could not be classified due to cloud cover are ignored, the majority of the ob- 
servations were in or adjacent to the high probability areas predicted from LANDSAT 
data. 

LORAN-C position locations for menhaden, which were found to be in error, have been 
corrected, new training fields selected, statistics recomputed, and a new discriminant 
function classifier applied to the July 19, 1976, LANDSAT data. The results indicate 
that more of the schools of fish inshore were classiRed correctly while some of the 
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offshore schools were missed. In general the second classification appears to be the 
better of the two. 

4. ACCOMPLISHMENTS 

This section will describe progress made during the last three months in data pro- 
cessing, data anlysis, and the extension of the investigation to cover simulation of 
the use of an operational satellite system to provide tactical information for the 
commercial harvest of menhaden. 

4. 1 DATA PROCESSING. The status of data flow is shown in Figures 4. 1 through 4. 6. 
Processing of LANDSAT data for analysis of the overlap region between the satellite 
passes for July 27 and 28. 1976, was initiated during this reporting period. Control 
points were selected, the image grided, and fish schools plotted. The image scenes 
did not extend far enough offshore to include all the fish schools. Since reframing the 
data was not feasible, the tapes for the next contiguous scene for each pass were re- 
ordered and have not yet been received. 

4.2 DATA ANALYSIS. The data analysis work completed during this reporting period is 
documented in two segments. The first segment consists of analyses such as histo- 
grams, means, and standard deviations of surface truth data at locations of fish cap- 
ture. The second segment contains correlation and multiple regression analyses for 
four main-day missions (April 25, May 2, May 13, and May 20, 1975). 

4. 2. 1 Surface Truth Data Analysis at Locations of Fish Capture. Analysis of oceanographic 
data collected by scientific observers aboard selected fishing vessels at sites of men- 
haden capture was continued to determine if those parameters affecting water color 
remained consistent in their apparent effect on fish distribution. Figure 4. 7 gives 
summary histograms of five parameters from three different geographical areas and 
three different time periods: Mississippi Sound, 1972 and 1975, and the two Louisiana 
test sites, 1975 and 1976. 

Salinity conditions at sites of menhaden capture in 1976 ranged from 2 to 31 ppt with a 
mean of 19. 2 ppt for 247 observations. Mean conditions off Louisiana in 1975 and In 
the Mississippi Sound in 1975 and 1972 were 18. 1, 11. 8, and 25. 8 ppt, respectively. 
The means and histograms demonstrate a broad range of salinity values at locations of 
menhaden capture suggesting little effect on the distribution of these fish. 

Surface water temperatures in 1976 at locations of menhaden capture ranged between 
28 and 33*C with a mean of 30.2*C for 251 samples. Mean conditions off Louisiana 
in 1975 and in the Mississippi Sound in 1975 and 1972 were 24. 1, 26. 1, and 29. 1*C, 
respectively. Similar to salinity, the temperature means and histograms suggest 
that this parameter has little effect on the distribution of menhaden within a broad 
range of values. 

Water turbidity as inferred from secchl disc measurements continued to demonstrate 
good consistency at sites of menhaden capture. Secchl disc measurements in 1976 
ranged between 1 and 7 feet with a mean of 3. 1 feet for 278 observations. This com- 
pares well with measurements off Louisiana in 1975 and in the Mississippi Sound in 
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Figure 4. 1. Platform and Data Flow Status Summary for the April 25, 1975, 
Louisiana Main Day Mission 
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Figurci 4. 3. Platform and Data Flow Status Summary for the May 13, 1975, 
Louisiana Main Day Mission 
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Mississippi Sound Main Day Mission 
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Figure 4. 6. Platform and Data Flow Status for the September 5, 1975, 
Mississippi Sound Main Day Mission 
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Figure 4. 7. Comparison of Oceanic Conditions at Sites of Menhaden Capture 







1975 and 1972 which gave means of 3. 7, 3. 7, and 3. 6 feet, respectively. The histo- 
grams Indicate that most menhaden are caught In waters with secohl disc visibilities 
of 2 to 4 feet which represents a fairly narrow range of values. 

Water color as measured with Forel-Ule color comparators also remained fairly 
consistent as might have been expected from the secchi disc measurements. In 

1976 these values ranged from 10 to 21 units with a mean of 15. 4 for 231 observa- 
tions. The 1975 measurements off Louisiana and in the Mississippi Sound averaged 
16.3 and 17.9, respectively. Curiously, the mean value In 1976 was more Indicative 
of clear water (l.e. , toward the blue end of the spectrum) than either value In 1975, 
even ttiough ttie 1976 secchi disc measurements Indicated waters of a slightly more 
turbid character (mean visibility of 3. 1 feet compared to 3. 7 feet In 1975). This 
probably was due to the subjective nature of the color measurements and not to any 
unusual changes In the optical properties of the waters. 

Only a few chlorophyll measurements were made In 1976 in support of NASA/ERL 
for an analysis of U2 CZCS data. These measurements ranged between 1. 50 and 
15.50 mg/m^ and averaged 9.02^g/m^ for 13 samples. This mean compares well 
with means of 9. 0 and 7.5 mg/m"^ computed for samples collected off Louisiana and 
in the Mississippi Sound In 1975. 

Surface b"uth measurements from locations of thread herring capture were dis- 
appointingly few (Table 4. 1). While a significant number of thread herring were 
caught or observed by spotter pilots during the course of the Investigation, very few 
of the catches were from vessels with scientific observers aboard and almost none 
of the spotter pilot sightings were during a period or In an area where enough oceano- 
graphic measurements were being made to Interpolate conditions to the thread herring 
locations. 

While the limited number of samples from sites of thread herring capture or obser- 
vation makes It almost Impossible to develop meaningful conclusions, certain ob- 
servations can be made. Thread herring were found In slightly warmer water than 
were the menhaden (29. 8°C versus 27. 4“C). They also seemed to prefer water with 
greater secchi disc visibility (12. 5 ft. versus 3. 5 ft. ) for menhaden, bluer waters 
(Forel-Ule 11.2 versus 16.5 for menhaden) and waters slightly more saline (19.99 
versus 18.73 ppt. for menhaden). In the foregoing comparisons, the figure given 
for menhaden Is the mean of means shown In Figure 4. 7. 

4. 2. 2 Environmental/Menhaden Correlation and Multiple Regression Analyses . In the 

May 1976 Type n Report, correlation and multiple regression analyses for the sur- 
face truth measurements of temperature, Forel-Ule color, salinity, seccii disc 
transparency, and chlorophyll-;;a from three main-day missions were documented. 

This report documents the expansion of correlation and multiple regression analyses 
efforts to Include remotely sensed temperature and salinity as well as data from the 
main-day mission of May 2, 1975. Correlation coefficients for each of the para- 
meters tested are given In Table 4. 2. 
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Table 4.2 Correlation Coefficients for the Relationship of Menhaden 
Distribution of Selected Oceanographic Parameters 



Louisiana Test Site 

Mississippi Sound 

Parameter 

April 25 

May 13 


May 20 

Temperature 

0. 289** 

0. 234* 

0. 332* 

0. 184* 

Forel-Ule Color 

0.286** 

0. 477** 

0.442* 

0.434** 

Salinity 

0.211* 

-0. 050 

-0. 069 

0. 048 

Secchi Disc 

-0. 068 

-0.329* 

0.086 

-0.202* 

Chlorophyll-a 

0. 027 

0.544** 

-0. 259 

0. 184* 

Sample Size 

70 

40 

22 

78 

Remote Salinity 
Remote 

0.184* 

0. 195 

Not 

Available 

0. 253* 

Temperature 

0.387** 

0. 066 

0. 192 

-0. 046 

Sample Size 

57 

30 

21 

65 


* Significant at 90% Confidence Level 
** Significant at 99% Confidence Level 


A summary of the step-wise multiple regression analyses is shown In Table 4.3. 
Menhaden distribution was the dependent variable In each case and was established 
by assigning sample areas with and without menhaden values of 1 and 0 respectively. 

Regression model correlation coefficients averaged about 0.62 for the four missions 
indicating fairly low levels of statistical precision. Several nonlinear combinations 
of the parameters were also analyzed to try to increase precision without realizing 
much success (not presented). The models were, however, about 75 percent accu- 
rate in classifying the study areas into with and without menhaden areas. Accuracy 
was computed from the sample areas used to develop the models. 

Water color as inferred from Forel-Ule color measurements generally correlated 
the best with menhaden distribution (Table 4.2) and dominated the regression models 
(Table 4.3; see order of selection). Surface water temperature also correlated 
significantly with menhaden distribution which is contrary to earlier conclusions 
developed from an analysis of samples from the fishing vessels. 

The relatively low level of precision associated with the secchi disc measurements 
was disappointing especially since the same measurements at sites of menhaden 
capture did suggest a good relationship between water clarity and menhaden distri- 
bution. The relatively low level of precision associated with the salinity measure- 
ments was not unexpected. Remotely sensed temperature and salinity did not cor- 
relate very well with the distribution of menhaden. Associating temperature values 
taken within a small time period, with menhaden distribution values taken throughout 
the day may be a significant problem due to potential water temperature fluctuation. 
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Table 4.3 Summary of Step-Wise Multiple Regression Analyses 


Regression Coefficients 

Parameters and 

Regression 

Statistics 

Louisiana Test Site 

Mississippi Sound 

April 25 

May 13 

May 2 


Temperature 

0. 0565 

-0.0569 

0. 1321 

0. 2400 

Forel-Ule Color 

0.0762 

0. 0337 

0. 0780 

0. 0950 

Salinity 

0.0467 

0. 0230 

-0.3070 

0. 0455 

Secchi Disc 

-0. 0566 

-0.0219 

0. 1676 

-0. 1340 

Chlorophyll-a 

-0.0319 

0.0471 

-0.0669 

0. 0045 

Intercept 

-2.2793 

1.1051 

-1.4458 

-7.5722 

Correlation 

Coefficient 

0.516 

0.589 

0.695 

0.628 

F- Value 

4. 633 

3.609 

2.988 

9.394 

Degrees of 
Freedom 

5/64 

5/34 

5/16 

5/72 

Significance Level 

99.5 

97.5 

95.0 

99.9 

Order of 
Selection 

T, F, Sa, 
C,Se 

C, F, Sa, 
Se,T 

F, T, Sa, 
C,Se 

F, T, Sa, 
Se, C 


4.3 FUTURE PLANS. Emphasis for the next few months will be given to the analysis 

of 1976 LANDSAT data from overlap regions acquired to determine the persistence 
of the high probability areas. More work is planned for analyzing the relationship 
of LANDSAT radiance data to chlorophyll-a and turbidity data. In addition, a 
field operation and a data report will be completed during this time period. 

5. SIGNIFICANT RESULTS 

The most significant achievements realized by this Investigation thus far include 
the successful charting of high probability fishing areas from LANDSAT MSS data 
and the successful simulation of an operational satellite system to provide tactical 
information for the commercial harvest of menhaden. 

6. REPORTS, PUBLICATIONS, AND MEETINGS 
November 24: Distribution of sixth progress report. 

December 6-8: Task Force Workshop for the development of a menhaden manage- 
ment plan In New Orleans, Louisiana, 
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PROBLEMS 


No problems at this time. 

RECOMMENDATIONS 

No recommendations are presented at this time. 


IJVNDSAT DATA 

Table 10. 1 summarizes LANDSAT 1 and 2 ordered in support of this investigation. 
These data are being used to establish relationships between the distribution of 
menhaden and thread herring and their ocean environment as manifested in the 
LANDSAT spectral channels. 

AIRCRAFT DATA 

Table 11. 1 summarizes the status of data acquired with sensors aboard the NP3A. 
These data were primarily used for computing salinity conditions in the two test 
sites. 
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Table 10. 1. Summary of LANDSAT Data Status 
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Table 11. 1. Aircraft Data (NP3A) Status 
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